The Distribution of Total Nitrogen in the Leaves and the Berries of Coffea Arabica L. During the Fruiting Season by Dubale, Paulos
THE DISTRIBUTION OF TOTAL NITROGEN IN THE LEAVES AND THE BERRIES OF 
COFFEA ARABICA L. DURING THE FRUITING SEASON
A THESIS SUBMITTED TO THE GRADUATE DIVISION OF THE 
UNIVERSITY OF HAWAII IN PARTIAL FULFILLMENT 
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE
IN HORTICULTURE
DECEMBER 1978
By
Paulos Dubale 
Thesis Committee:
Richard M. Bullock, Chairman 
Henry Y. Nakasone 
Charles L. Murdoch
We certi 
opinion i t  is  
the degree of
fy that we have read th is  thesis  and that in our 
sa t is fac to ry  in scope and qua lity  as a thesis  for 
Master of Science in Horticulture.
THESIS COMMITTEE
ACKNOWLEDGEMENTS
The author wishes to extend h is  appreciation to:
(a) The Food and Agr icu ltu ra l o rgan ization  of the United
Nations for  sponsoring him to pursue th is  program at
the U n ive rs ity  of Hawaii,
(b) Dr. Henry Y. Nakasone, who in i t ia te d  the o r ig in a l  
f ie ld  design,
(c) the Department of Horticu ltu re  at the U n ive rs ity  
of Hawaii fo r  provid ing the necessary f a c i l i t i e s  
and technical ass istance,
(d) Mr. Terrance Fujimoto for  h is  technical a ss istance  
in the laboratory an a ly s is ,
(e) and Mr. Nobuya Ikeda and the S ta f f  at the Kona
Branch Station  of the Hawaii A g r icu ltu ra l Experiment
Station  for th e ir  cooperation and help in running
the f ie ld  work.
TABLE OF CONTENTS
Page
ACKNOWLEDGEMENTS ......................................................................  i i i
LIST OF T A B L E S ............................................................................. vi
LIST OF F I G U R E S ....................................................................... v i i i
INTRODUCTION ............................................................................. 1
REVIEW OF LITERATURE ................................................................ 2
Ecology ................................................................................ 3
Role o f Nitrogen F e r t i l i z e r  in Coffee Y ie ld  ......................  5
Forms o f Nitrogen Absorbed by the Coffee T r e e ..................... 6
The Effects o f  Season on N Concentration in the Tree . . .  7
Leaf S a m p l in g ......................................................................  9
Nitrogen Concentration o f the Berries ..................................  11
MATERIALS AND METHODS ............................................................  15
Fie ld  E x p e r im e n t ....................................................................15
The F e r t i l i z e r  Material ......................................................  16
The Sampling Procedure ......................................................  17
Pot E x p e r im e n t .......................................................................18
Tissue Ana lys is  ...................................................................  19
M e t h o d s ............................................................................. 20
RESULTS AND DISCUSSION ............................................................  22
Ra in fa ll  Condition o f K o n a ....................................................22
Leaf N i t r o g e n .......................................................................... 25
Potted Plants ................................................................ 25
i v
VTABLE OF CONTENTS - CONTD.
Page
F ie ld  E x p e r im e n t ............................................................  34
The Effect o f Seasonal Varia tion  on
Leaf-N Means ................................................................ 38
Nitrogen Concentration o f the Berr ies  ......................  44
The Effect of Nitrogen on Cherry Y ie lds ...................  48
Concentration o f Nitrogen in Leaves .......................... 54
Relation of Leaf Nitrogen to Y i e l d .............................  57
SUMMARY AND CONCLUSION .........................................................  59
APPENDIX ............................................................................  62
LITERATURE CITED ...................................................................  63
vi
LIST OF TABLES
Table Page
1 Monthly D is t r ib u t io n  of Ra in fa ll Expressed 
as Means of a 5-year Period and Standard
Errors of These Means .................................................  23
2 Visual Ratings o f Coffee Trees as Affected
by Varying Levels of N F e r t i l i z a t io n  .......................  27
3 The Effect of D iffe rent  Rates of N F e r t i l i z e r
on Percent of Leaf-N on Pot Experiment From
January to June ( 1 9 7 8 ) ............................................. 29
4 The Influence o f F ru it s  on Percent of Leaf-N
For Trees Receiving 224 Kg N Ha"' From
January to June 1978 (Pot E x p t . ) ................................32
5 Change in Height of Coffee Trees Influenced 
by Rates o f Nitrogen F e r t i l i z a t io n
(Pot E x p e r im e n t ) .........................................................33
6 The Influence of Sampling Po s it ion s  on 
the D is t r ib u t io n  o f Nitrogen in Leaves of
Coffea arabica L .........................................................  35
7 The Effect of Rates or Time o f Application  
of N F e r t i l i z e r  on Leaf-N of Coffea arabica
on F ie ld  Experiment ...................................................  36
8 The Effect o f Seasonal Varia tion  on Leaf-N 
Concentration o f Coffea arabica L. Receiving 
D iffe rent  Rates of N -F e r t i1i z e r .................................. 39
9 A na ly s is  of Variance For Percent of Leaf-N 
o f Coffee Trees Receiving D iffe rent Rates 
o f Nitrogen F e r t i l i z e r  on Seasonal Averages
(June 1977 - May 1 9 7 8 ) ............................................. 43
10 The Effect of D iffe rent Rates or Time of 
Application  of N on Concentration of N 
in Coffee B e r r i e s .........................................................45
v n
Table Page
11 Effect o f D iffe rent  Rates of Nitrogen 
F e r t i l i z e r  or Time of Application  on
Coffee Berry-N in the Pot Exper im ent.........................47
12 Effect of Nitrogen F e r t i l i z e r  on Cherry 
Y ield of Coffea arabica L. Receiving
D iffe rent  Levels or Time of A p p l i c a t i o n .................. 49
13 The Ana lys is  o f  Variance Table fo r
Coffee Y ie lds (Quintals Per Hectare) .......................  50
LIST OF FIGURES
Figure Page
1 Ra in fa ll - Ka ina liu  (Kona Experiment Station)
Includ ing Five Year Mean and Monthly Totals
From June 1973 to June 1978   24
2 Deviation of Monthly Ra in fa ll  of Current
Period in Kona (June 1977 - June 1978)
From the Five Year M e a n ............................................. 26
3 Effect of Increasing  Levels o f  Nitrogen
F e r t i l i z e r  on Concentration o f Leaf Nitrogen
in Coffea arabica L. (Pot E x p e r im e n t ) .........................  30
V 1 1 1
4 The Change in Leaf-N in Coffee Plants 
Receiving D iffe rent  Levels of Nitrogen 
F e r t i l i z e r  at Regular In te rva ls  During
The F ru it in g  Period (Pot Experiment) ...........................  31
5 The Effect o f  Nitrogen F e r t i l i z e r  on the 
Levels o f  Leaf-N in C_. arabica L. Sampled
in a Yearly C y c l e ......................................................  37
6 The Effect o f Seasons on the Nitrogen 
Concentration in Coffee Leaves as Percent
of D / W t ......................................................................  41
7 The Effect o f Ranges of Nitrogen F e r t i l i z e r  
on Nitrogen Concentration of Coffee Berries
During F ru it  Growth ...................................................  46
8 The Effect o f Nitrogen F e r t i l i z e r  on the
Y ie ld  o f Coffea arabica L. (Red C h e r r i e s ) .................. 51
1INTRODUCTION
Nitrogen i s  a v i t a l l y  important plant nutrient, the supply 
of which can be contro lled  by man. In coffee p lants, the reduc­
tion  of n it ra te  to ammonium, the form entering the b iosynthetic  
pathway, i s  believed to take place predominately in the leaves 
(16, 59).
The f r u i t s  of coffee are such a powerful, dry matter s ink 
that a continuous supply of nutrients in the f ru i t in g  season 
i s  e ssentia l (48). Nitrogen i s  one of the mobile elements that 
provide the need of growing terminals and developing f r u i t .  The 
supply o f th is  element to the coffee tree heavily  depends on the 
a v a i l a b i l i t y  o f so i l  moisture (53). The timing o f nitrogen 
f e r t i l i z e r  and the r ig h t  dosage fo r  a given tree was the goal of 
th is  study. During the experimental period, the c r i t i c a l  level 
of nitrogen in the coffee plants under various seasons was a lso  
studied.
2REVIEW OF LITERATURE
Coffea arabica L., a species of the Rubiaceae fam ily, i s  
an upland crop growing as an understory in the fo re sts  o f South­
western Ethiopia. Over 90 percent of the w o r ld 's  production 
comes from arabica coffee.
Arabica coffee seems to have a wide range of adaptation 
away from i t s  native home. I t s  native land, an ideal region fo r  
coffee*, has an e levation  o f about 1800 m with a moderately warm, 
wet summer and a cool, dry w inter,the n ight temperature dropping 
to as low as 5°C in December. However, coffee has become 
acclimatized to e levations as low as 450 m in Kona, Hawaii (5).
In Eth iop ia, in general, the w ild coffee fo re st  extends from 
6°N to 9°N and receives about 1900 mm of r a in fa l l  annually. This 
r a in fa l l  i s  well d is t r ibu ted  throughout the year except for  two 
to three months r ig h t  a fte r  harvest (December-March) when i t  i s  
dry, and has an average temperature range of 16-24°C (47). Ideal 
condit ions noted in other countries fa l l  in th is  range with few 
exceptions (5, 25, 31).
L i t t le  work has been done in the nu t r it io n  o f coffee. Most 
growers believe that f e r t i l i z e r  app licat ions boost y ie ld s .  
Nevertheless, the recommended annual N f e r t i l i z e r  rate ranges 
from as low as 50 kg/ha in Kenya, to as high as 1680 kg/ha in
*Unless spec if ied , coffee refers  to Coffea arabica L.
3Kona, Hawaii (47). Of a l l  the nutrient elements, the re la t ion sh ip  
between coffee y ie ld  and the nitrogen f e r t i l i z a t io n  i s  the most 
studied area in coffee n i t r i t io n .
Coffee i s  one of the most d i f f i c u l t  crops to sample for 
d iagnost ic  purposes (52, 56). For a general f e r t i l i z e r  recommend­
ation, i t  i s  suggested that in ve st iga t ion s  be done on each 
location  under p reva il in g  var iab le s.
N itrate-N  i s  the most predominant form absorbed by coffee 
roots (59). I t  i s  a lso  stored in th is  form in leaves and wood 
when i t  i s  in excess amount. At times of sca rc ity ,  nutrients 
are mobilized to the f r u i t s  when f r u i t  development i s  at a 
maximum (12, 15). This i s  p a r t ic u la r ly  true with n itrogen as 
heavy bearing trees had shown a die-back which was corrected by 
the app licat ion  o f nitrogenous and other f e r t i l i z e r s  (41). 
Establishment of c r i t i c a l  n itrogen le ve ls  in the coffee plants 
i s  of paramount help in determining the r ig h t  timing for  the 
app licat ion  of th is  nutrient.
Ecology
Coffea arabica i s  a species that orig inated  in the trop ica l 
rain  forest.  In th is  region, where coffee i s  at i t s  best, the 
elevation ranges from 1300 m to 2000 m and the annual ra in fa l l  
from 1200 mm to 2000 mm (37, 47) with d i s t in c t  dry and wet seasons. 
The fo llow ing species are in abundance as natural shade trees:
4A lb iz ia  sp p . , M i l l e t 1 a feruq inea, Croton macrostachys, Syzyium 
guineense, Sesbania spp., etc. (47).
As noted above, the coffee plant has shown remarkable 
adaptations to wide ranqes o f environmental cond it ions e ithe r 
in i t s  native home or elsewhere. For instance, i t  i s  sa id  that 
coffee can be grown with annual r a in fa l l  ranging from 762 mm 
to well over 2540 mm but the optimum amount ranges from 1500- 
2300 mm. In low ra in fa l l  areas such as the Yemen, i t  may be 
i r r ig a te d  (47). In ve st iga to rs  on the re la t ion sh ip  between 
annual r a in fa l l  and coffee production have d i f fe r in g  views (57). 
However, a study o f 36 years r a in fa l l  data in Kona has revealed 
that v a r ia b i l i t y  in annual coffee production may be ascribed to 
f luctua t ion s  in the February to June r a in fa l l  occurring during 
the year in which the f ru i t in g  wood was produced (24).
In most countries the e levational zonation c lo se ly  corresponds 
to a mean annual temperature between 17° and 23°C, a temperature 
range which can be considered as optimum for arabian coffee (43).
In addition to i t s  key influence in the in i t i a t io n  and anthesis 
of flowers, temperature plays a v ita l  ro le  in the absorption and 
trans location  of nutrients (28). Both extremes have retard ing 
effects  in ion uptake except on potassium which seems to have an 
increased absorption at lower than normal temperatures. Leaf 
nitrogen content was 2.55 and 2.39 percent at 13° and 38°C, 
respective ly . The range varied from 3.57 to 4.08 percent with
5a temperature range o f 18°-28°C while N content of p lants grown 
outdoors was 3.23 percent (28).
Most of the coffee in Kona i s  grown on s o i l s  o f  two great 
so i l  groups and rockland--the Kapoho family o f the humic Latosol 
Group and the Kealakekua family o f the Hydrol Latosol Group (55). 
These s o i l s  are porous, f r ia b le ,  and possess a well aggregated 
so i l  structure , good internal drainage, and good percolation.
They are derived from thin layers  o f volcanic ash overlapping 
ge o log ica l ly  recent lava flows (25). The pH runs from 5.0 - 6.5 
with re la t iv e ly  high content o f organic matter ranging from 
8 - 1 5  percent, a rapid decomposition o f  the organic matter and 
rapid n i t r i f i c a t io n  in the so i l  (25, 55). In Kenya i t  has been 
reported that with a heavy ra in  at the beginning of the wet 
season, so i l  n itra te -N  le ve ls  tend to decrease rap id ly ,  part ly  
because of leaching lo sse s  and part ly  because o f uptake by the 
crop. Short r a in fa l l  cond it ions encourage s l i g h t  n it ra te  build  
up. Due to the rapid lo s s  of nitrogen from the so i l  with heavy 
ra in , frequent app licat ion  of th is  element i s  commonly practiced 
in both Kenya and Kona (51).
The Role o f Nitrogen F e r t i l i z e r  in Coffee Yield
Although coffee grows in most of the trop ica l countries 
around the globe, only a few countries have conducted elaborate 
research on the nu t r it io n  o f th is  crop. In a l l  o f  the coffee 
producing countries the search fo r  the r ig h t  amount o f f e r t i l i z e r
6and the r ig h t  time to apply i s  continued. The re su lt s  in some 
countries have given some idea for those areas but could not be 
duplicated in other areas.
The coffee tree i s  very responsive to the le ve ls  of applied 
nitrogen and potassium among the major mineral nutr ients.  I t  was 
reported that a mature tree took up 100 gm of nitrogen per annum 
of which some was removed by the developing f r u i t  while the bulk 
was returned to the so i l  by leaves and prunings. The uptake of 
potassium was s im i la r ly  high as compared to other mineral elements. 
The role of nitrogen in the coffee tree cannot be overemphasized 
(15). In one study, p lants grown in the absence of nitrogen 
performed lea st  in growth and y ie ld .  The minus n itrogen plants 
grown on sand cu lture  had the lowest lea f  nitrogen with higher 
concentrations found in the young leaves than the old ones (19). 
In ve st iga t ion s  in various countries have shown that n itra te -n it rogen  
i s  the predominant form found in coffee s o i l s  (6, 25, 51).
Forms o f Nitrogen Absorbed by the Coffee Tree
There i s  an upward movement of n itra te  in s o i l s  which re su lt s  
in an accumulation of th is  ion in the f i r s t  15 cm of the s o i l ,  
p a r t ic u la r ly  in the dry season. Under dry cond it ions the trees 
could not absorb th is  nitrogen but, sho rt ly  a fte r  the onset of 
ra in s ,  the coffee plants absorb the ava ilab le  nitrogen rap id ly  
showing a sharp increase in leaf-N (6, 51). In Kona the concen­
tra t ion  of so i l  n it ra te  was found to vary in ve rse ly  with the
7r a in fa l l .  Nitrogen f e r t i l i z e d  p lots had h igher n itrate -N  
concentration than the check but, in the wet season, an increased 
absorption o f n itrogen by bearing trees and increased leaching 
contributed to lower n it ra te  and ammonium-N concentration in the 
treated p lo t than was found in the check. Although n itrate -N  i s  
the bulk of the nitrogen absorbed, trees at bearing age also  
require ammonium-N. When the trees reach bearing age the n it ra te  
reduction capacity of the roots decreases su b s ta n t ia l ly  and the 
p lants su ffe r  from acute ammonium-N defic iency  (25).
Unlike other tree crops, n itrate -N  i s  the predominant form 
found in the roots and xylem sap of coffee trees (15, 62). In a
study in Kenya the leaves, which represented only 31 percent of
the dry weight of the tree, contained the la rge s t  percentage o f 
absorbed n itrogen (14).
The Effect o f Season on N Concentration in the Tree
Nitrogen concentration in d if fe re n t  parts of the tree i s  
subject to a number of va r iab le s.  The most important o f these are: 
the phys io log ica l cond it ions o f the tree and changes in seasonal 
patterns. N itrate  uptake was shown to occur at h igher rates during 
short periods p r io r  to anthesis,  at the beginning of resumption of
vegetative growth, and as f r u i t s  begin to ripen. I t s  intake
diminished at flowering and a fte r  harvest. Ammonium-N did not 
follow  th is  pattern (17).
An optimal level of leaf-N  in one area could not s a t i s f a c t o r i l y
8serve as a guide fo r  a d if fe re n t  area, or fo r  that area in a 
d if fe re n t  season. Bonnet (11) found that high y ie ld in g  trees 
rece iv ing  0.45 kg per tree of 5-10-10 f e r t i l i z e r  gave an average 
of 2.79 percent leaf-N  in the f r u i t  development period (summer) 
and 2.54 percent ju s t  before bloom (winter). A low y ie ld in g  group 
gave 2.91 percent leaf-N  in the summer and 2.52 percent in winter. 
S im ila r  re su lt s  which coincided with a low moisture period were 
found by other workers (53).
Leaf-N concentration fo r  ir r iga te d  versus non -ir r iga ted  f ie ld s  
rece iv ing  no nitrogen f e r t i l i z e r  were about the same. Higher le ve ls  
of nitrogen f e r t i l i z e r  in i r r ig a te d  f ie ld s ,  however, gave an 
increase in leaf-N  (1.89 - 2.1 percent) as well as in y ie ld  (53).
In Colombia, trees f e r t i l i z e d  with nitrogen showed s ig n i f ic a n t  
increase in leaf-N  only in Ap ril  ind ica t ing  the importance o f 
period o f le a f  sampling (33).
The carbohydrate i s  an important factor in in fluenc ing  nutrient 
concentration of the tree. A number o f in ve st iga to rs  found that 
f lo ra l  d i f fe re n t ia t io n ,  crop development and ultimate y ie ld  were 
associated with the le ve ls  o f starch in the tree (23, 45, 49).
Flower development and normal flowering were found to be associated 
with (1) the number of leaves on the branch, (2) the starch index 
of the wood, and the physio log ica l condition o f  the tree (12, 30,
34). The starch value gradually  declined during crop development 
and rose again a fte r  crop maturity (23, 45). This high ass im ila te
9demand enhanced n it ra te  uptake during crop development. Although 
the uptake of n it ra te  and potassium were an tagon ist ic ,  h igher 
uptake o f n itra te  was recorded during f r u i t  development. The 
absorbed n it ra te s  were a lso  metabolized rap id ly  by the f r u i t s  
(13, 14, 15, 17). Deblossomed trees exhibited higher concentration 
of leaf-N  when compared to f r u i t in g  trees.
Leaf Sampling
Leaf ana ly s is  i s  one of the d iagnost ic  too ls in the determina­
t ions of the nutrient requirements of many orchard trees. I t  has 
been used widely to obtain: (a) the nu t r it iona l  status o f the
plant through the determination of the normal and abnormal leve ls  
of the minerals o f the lea f,  th is  being used as a guide for the 
correction  o f s o i l  f e r t i l i t y ,  (b) to study the e ffect  of f e r t i l i z e r  
app lica t ion , (c) to know the f e r t i l i t y  o f  s o i l s  on which coffee i s  
grown and (d) to determine the adequate f e r t i l i z e r  formula (33).
The choice of le a f  pa ir  fo r  sampling var ie s from one place to 
another. In B raz il the use o f the th ird  or fourth le a f  p a ir  from 
the t ip  of a la te ra l branch had been recommended (36, 38). A fter 
a comprehensive review of the l i te ra tu re ,  Carvajal (16), concluded 
that the th ird  to eighth pa irs  are most se n s it iv e  for NPK and 
starch leve ls.  The th ird  and fourth pa irs  of leaves are a lso  used 
in East A fr ica  (52, 53). Due to the v a r ia b i l i t y  of re su lt s  with 
changes in environmental cond it ions and the decline in total N 
with age, study within a given lo c a l i t y  and the use o f young, f u l l y
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grown leaves were h igh ly  recommended (65).
L ight in te n s ity  has tremendous impact on coffee leaf-N.
Plants with heavy shade exhibited a higher concentration of total - 
and n itrate -N , but had low dry matter, so lub le  sugar and starch (59). 
Under fu l l  l i g h t  in te n s ity  there was an increased d if fe re n t ia t io n  
of t is su e s  re su lt in g  in a high number o f nodes and reproductive 
organs, but growth was l i t t l e  affected. The trees in fu l l  l i g h t  
rece iv ing  n itrogen app licat ion  had increased internode growth and 
f u l l y  grown leaves u lt im ate ly  re su lt in g  in s ig n i f ic a n t  y ie ld  
increase (41, 42).
The time of app licat ion  of the f e r t i l i z e r  i s  a lso  an important 
factor in the co rre la t ion  o f leaf-N  with coffee y ie ld .  In Kenya 
the app licat ion  of 50 to 100 kg of N per hectare was found to be 
optimum with the h igher rates s p l i t  into two app lica t ion s  (50).
Recent stud ies have revealed that several app lica t ion s  o f complete 
f e r t i l i z e r  over nitrogen alone was preferred (35). In Guatemala, 
nitrogen f e r t i l i z e r  app lica t ions  were recommended at the beginning 
and the middle of the heavy ra iny  season (44). In Puerto Rico, 
two s p l i t  app lica t ions  o f 224 - 84 - 448 kg/ha o f N, P, and K on 
trees with no shade gave a s ig n i f ic a n t ly  high y ie ld  over one-half 
th is  dose (44). A 336 kg/ha each o f N and ^ 0  a lso  gave a 
s ig n i f ic a n t ly  high y ie ld  when compared to lower rates and corresponded 
with a leaf-N o f 2.50 to 3.00 percent (54). In Cameroon, heavy 
demand of N in Robusta coffee was seen between Ap ril  and May and
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November and December (7). In Kona, high rates of nitrogen 
f e r t i l i z e r  in combination with high rates o f potash gave high y ie ld  
(4, 22, 25).
Nitrogen Concentration of the Berries
The nitrogen content of the coffee berry increases s te ad i ly  
throughout the period of growth and keeps pace with the increase 
in dry matter (3). Wormer (67) reported that a period o f rapid 
growth follows 6 - 8  weeks a fte r  flowering and ends when the berry 
i s  about 17 weeks old. Thereafter, a small lo s s  of fresh weight 
occurs while the dry weight remains constant fo r  about two weeks.
At th is  stage the beans have attained th e ir  f ina l s ize  but the dry 
matter can be as low as 9 percent. Until the time of beginning of 
berry r ipening the fresh weight of the berry increases regu la r ly .
In t h is  period, dry weight i s  la id  down mainly in the beans which 
atta in  th e ir  f ina l dry weight when the berry i s  s t i l l  green. Between 
23 and 32 weeks a fte r  f lowering, most o f the newly formed dry matter 
goes into  the beans while afterwards a l l  o f  i t  goes into the pulp. 
Some in ve st iga to rs  found that nitrogen concentration of the berr ies  
increases as f r u i t  maturity progresses (3, 27) but Cannell (15) 
found that the percentage o f nitrogen in f r u i t s ,  as well as that of 
most other mineral elements, decreased as they developed. Sixteen 
percent of the total organic-N absorbed by the plant was found in 
the f ru it .
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The performance of d if fe re n t  sources of nitrogen f e r t i l i z e r s  
was tested on coffee trees in  Puerto Rico. Sodium n it ra te  seemed 
to be lea st  e ffect ive .  I t  a lso  caused a consequent r i s e  in so i l  pH 
and leaf-Na+ . Ammonium su lfa te  resulted in high lea f  Mn while 
ammonium su lfa te ,  potassium n it ra te ,  ammonium n it ra te ,  and ammonium 
nitrate-1ime gave about the same average y ie ld  of marketable coffee. 
Urea was preferred to ammonium su lfa te  as the la t te r  decreased so i l  
pH thus inducing Mn t o x ic i t y  unless proper lim ing was done (1). 
Ammonium n itra te  and a lso  ammonium su lfa te  were found to induce Fe 
and Mg defic iency  in coffee leaves. In add it ion, they have s l i g h t l y  
increased the concentration o f  le a f  and so i l  Zn and A1. The use of 
urea and basic s lag  or complete f e r t i l i z e r  as the source of N was 
suggested as preference (64).
In ve st iga t ion s  on the e ffect  o f nitrogen f e r t i l i z e r  on other 
tree crops reveals tremendous influence on growth and y ie ld .  In f i g ,  
n itrogen f e r t i l i z e r  applied throughout the dormant season gave 
i n i t i a l l y  high leaf-N  which gradually  decreased as season and f r u i t  
maturity progressed (46). Storage nitrogen o f the tree i s  important 
in flowering and f ru i t in g  o f  peach. Nitrogen reserve was dependent 
on the supply of nitrogen f e r t i l i z e r  the previous season. Storage 
nitrogen of peach was found, to be high in autumn and winter but 
gradually  lowered during the growing season. This nitrogen was 
u t i l iz e d  during the growing season and was reaccumulated in woody 
storage t is sue s  a fte r  the cessation  of shoot growth. Storage
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nitrogen la rge ly  occurred as a rg in ine  in apple, plum, and the 
cherry as well as in peach trees (60, 61, 62, 63). In apples, 
most of the nitrogen mobilized for growth in the n itrogen r ich  
tree came from roo ts ,  whereas in low nitrogen trees, t h is  demand 
was met by the nitrogen from old shoot t is su e s .  In macadamia, 
nitrogen defic iency  symptoms developed when minimum leaf-N  was 
below the range o f 1.32 to 1.12 percent (21). Higher level of 
nitrogen increased plant g ir th  and height of the macadamia tree 
with maximum growth achieved at 1.80 percent of leaf-N  (32).
In the woody species of the Rosaceae family, n itrogen is  
mainly translocated as a spa rt ic  acid, asparig ine , and glutamine 
(8, 9). In coffee, however, storage nitrogen i s  in the form of 
n it ra te  and higher concentration o f t h is  ion in the xylem sap of 
the coffee tree ind icates the occurrence o f n it ra te  reduction in 
the leaves. The average percentage composition of organic-N 
(aspart ic  acid, a sparig ine , and glutamine) o f a deblossomed tree 
was 1.54. The leaves which represented only 31 percent o f the total 
dry weight of the tree contained 55 percent o f the organic nitrogen, 
although th is  f igu re  varied with seasons (15, 59).
In most species of orchard crops, however, n it ra te  reduction 
occurs in the roots (8, 9, 10, 60). In th is  case nitrogen in the 
organic form may move upward through the phloem. The detection of 
high percentages of inorganic  storage nitrogen in the xylem sap 
and leaves of coffee plants ind icates that n it ra te  reduction
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normally occurs in the top. The high accumulation of carbohydrates 
in the shoots of coffee p lants suggests that evo lution  must have 
favored the translocation  of n it ra te  to the leaves for reduction.
At the f r u i t in g  season most of the dry matter i s  directed towards 
the developing f r u i t s  (13, 14, 15).
With t h is  information in mind, a project was designed to 
invest igate  the c r i t i c a l  period of nitrogen requirements in Kona 
Coffee and the optimum rate o f th is  element. In add it ion, the 
influence of p rec ip ita t ion  in N concentration of the coffee tree 
and whether or not coffee berry could serve as a sampling material 
in d iagnost ic  purposes of N status of coffee were examined.
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MATERIALS AND METHODS
Fie ld  Experiment
A f ie ld  o f Coffea arabica var t y p ic a , the major var ie ty  
grown in the area was selected in 1974 at the Kona Experiment 
Station  o f the Un ivers ity  of Hawaii. The trees aged about th i r t y  
years, were spaced at 2.44 m x 2.75 m. The f ie ld  i s  on a 
gentle slope and the so i l  i s  of volcanic o r ig in  belonging to the 
Kealakekua family o f Hydrol Humic Latosol Group (55).
There were e igh t  trees to a p lot. When the experiment was 
o r i g in a l l y  designed, no control p lot was included. The design 
had three treatments with the objective of te st in g  the period 
of app licat ion  of f e r t i l i z e r s  to control uniform ity in anthesis.
The f i r s t  two treatments excluding the checks received 224 kg and 
448 kg o f N per hectare in March, and the th ird  treatment consisted 
o f 448 kg o f N per hectare s p l i t  into two app lica t ion s,  March and 
June. The Hawaiian (Beaumont-Fukunaga) pruning system was used 
with a 1 -2-3 -4- and 5-year-o ld  branch on each tree, the 5-year-o ld  
branch was removed each year. U n fe rt i l ized  trees from an outside 
f ie ld  were used as a check. These treatments were arranged in 
a randomized complete block design. Concentrations o f  le a f -  and 
berry-N during a f ru i t in g  cycle were determined and the ana ly s is  
of variance was done on ind iv idual sampling dates and on a year ly  
b a s is ,  taking the e ffect o f season into consideration. The means 
o f leaf-N  on seasonal basis  were compared by using LSD. The
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y ie ld  of red cherr ie s  fo r  1976-1977 and 1977-1978 were recorded 
and analyzed s t a t i s t i c a l l y  to te st  the e ffect o f nitrogen f e r t i l i z e r  
r a te s .
The F e r t i l i z e r  Material
The source o f N was chosen on the basis  of the a v a i l a b i l i t y  
of the f e r t i l i z e r  material. The f e r t i l i z e r  treatments were as 
fo llows: (A) In the f i r s t  three years, 56 kg/ha each of N, P2 O5
and K^O in March was supplemented with 168 kg N/ha as ammonium 
su lfa te  ( 2 0  percent) and 1 1 2  kg P2 0 5 /ha as treb le  superphosphate 
(46 percent). In June th is  same p lot received 56 kg/ha o f K2 O as 
muriate o f potash 168 kg p2 0-a s  treble  superphosphate; (B) the 
448 kg N/ha received 56 kg/ha each of N, P2 ^ a n d  K2O as complete 
f e r t i l i z e r  supplemented with 392 kg N/ha as ammonium su lfa te  and 
112 kg P2 0 g/ha as treble  superphosphate in March. In June th is  
p lot received 56 kg of K2 O and 168 kg/ha o f P2 O5 ; and (C) i t  i s  
l ik e  treatment A with only the N rate repeated in June, that i s  
224 kg N/ha in March and 224 kg N in June. Since March 1978, the 
complete f e r t i l i z e r  was substituted  with ammonium su lfa te ,  treble 
superphosphate and muriate of potash as the sources of N, P and K, 
respective ly . The f e r t i l i z e r  was spread around the canopy of the 
trees. The app licat ion  was made on the f i r s t  week of March and 
the f i r s t  week of June in the appropriate p lo ts.
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The Sampling Procedure
S ix  o f the e igh t  trees per p lot were selected at random.
Since productive capacity o f a stumped stem peaks during the 
th ird  year in the Hawaiian pruning system (22), a three- or 
four-year-o ld  v e r t ic a l ,  growing upright was selected for  lea f  
and berry sampling. In the majority o f  the trees, the f i r s t  fu l l  
bearing la te ra l at the time that the sampling started was the tenth 
branch from the top. As the te st  a lso  included berry sampling, 
th is  primary branch was tagged for both lea f  and berry sampling.
In Hawaii as well as in most other places, leaves c lo se r  to the 
terminal of the branch are believed to be very se n s it iv e  to 
nitrogen concentration (16, 22, 52). Hence, the th ird  pa ir  of 
leaves from the terminal was selected fo r  sampling, although 
occas iona lly ,  p a r t ic u la r ly  in the dry season, lim ited growth of 
the tree forced sampling to be done on the fourth pa ir  o f  leaves.
Under Kona r a in fa l l  cond it ions, where there i s  no d is t in c t iv e  
dry period in some years, the d is ta l  buds keep d i f fe re n t ia t in g .
Hence, i t  was impossible to sample berr ies  close to the lea f  pa ir  
sampled, as the berr ies  lacked uniform ity from tree to tree. Thus, 
the berries were sampled from the f i r s t  proximal node that bore 
f ru i t .
Beginning on June 8, 1977, sampling was done every 20 days 
unt il  March 13, 1978. From April  1978 to August 1978 sampling was done 
every month. This change was made because only a s l i g h t  change in 
re su lt s  was observed between two consecutive sampling dates with
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20-day in te rva ls .  The re s t r ic t io n  of branches to the 10th primary 
la te ra l from the top a lso  lim ited  the amount of leaves co llected  
from any p a rt icu la r  tree. One lea f  or two leaves, depending on 
a v a i la b i l i t y ,  were co llected from each tree and bulked on p lot 
basis.  The samples were always collected around 9:00 a.m. The 
leaves and berr ies  were then dried in an oven at 75°C for  a minimum 
of 5 days before they were ground to pass a 40 mesh screen.
Pot Experiment
This te st  was designed with the objective of determining the 
influence o f n itrogen f e r t i l i z e r  rate on le a f -  and berry-N content 
and growth o f coffee plant by using a range o f 0 - 560 kg o f  N/ha. 
Shortage o f plant materials at the onset of the experiment forced 
the use of one plant per pot. The treatments were rep licated  four 
times in a randomized complete block and the rep lica te s  were divided 
into two groups--one group was deblossomed. The N le ve ls  included 
0, 112, 224, 336, 448, 560 kg N/ha. Fifteen month old seedings of 
Coffea arabica var. typica were used. A 5 -ga llon  p la s t ic  pot was 
o n e - th i rd - f i l le d  with cinder at the bottom and the re st  with s o i l .  
The plants were transferred into the pots in September 1977. A fter 
the trees had recovered from the transp lanting shock, f e r t i l i z e r  
app licat ions  began. Between October 1977 and May 1978 the annual 
dose was divided into s ix  app licat ions  at regular in te rva ls .  The 
trees were watered three times a week and a fte r  every app licat ion  
of f e r t i l i z e r .  Leaf sampling on these trees was started in
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January. One setback o f th is  experiment was that some trees 
fa i led  to recover from the transp lanting  shock. This was further 
aggravated by deblossoming in the higher nitrogen leve l.
T issue Ana lys is
The nitrogen ana ly s is  for  th is  experiment was p r im ar ily  done 
by the micro-Kjeldahl system developed by Cataldo, Shrader, and 
Youngs (18), and by Wall and Gehrke (66). The la s t  few batches 
were analyzed in a s l i g h t l y  modified method developed by Wall and 
Gehrke (66) as the modified system had shown no d ifference when 
re su lt s  o f  the two experiments were compared. In the d igest ion  of 
sample, a model o f technicon d igestion  block made by the Agr icu ltu ra l 
Engineering Department o f the U n ive rs ity  of Hawaii was substituted  
for Technicon Block D igestor (BD-4D) system.
In the predigestion  method n itrate-N  was chemically reduced to 
ammonium-N. The d igestion  method converted protein and other forms 
o f N to ammonium-N.
The so lu t ion s  required fo r  co lorim etric  development are:
So lut ion  A) 0.3 N NaOH; So lution  B) 12.5 gm ethylenediamine te tra - 
act ic  acid (EDTA) in 500 ml of water adjusted to pH 10 with NaOH, 
and 10 ml o f 0.25 percent methyl red in 60 percent ethanol;
So lut ion  C) 10 gm phenol and 100 mg sodium n itro fe rr icyanate  per 
l i t e r  of water, and So lution  D) 10 gm NaOH, 7.06 gm NaHPO^ • 7 H2 O 
31.8 gm Na^PO^ • 12 H20> and 10 ml 5 percent sodium hypochlorite 
per l i t e r  (18).
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Methods
The ground sample of 50 mgm was weighed and added into the 
d igest ion  tube. Ha lf a gram of reduced Fe powder, 2 drops of 
anti foam reagent and 4 ml of 50 percent s u l fu r ic  acid were added 
to the tube fo r  p re-d igest ion . A fter the t is su e  was gently but 
thoroughly mixed with the acid by a Vortex i t  was allowed to stand 
fo r  15 minutes before being transferred  to a preheated water bath 
at 75°C. The temperature was ra ised to 95°C and allowed to pre­
d ige st  fo r  1 hour.
The tube was then removed from the water bath and allowed 
to cool. When i t  was cool enough, 1 gm of d ige st ion  ca ta ly s t  
and 6 ml of concentrated su l fu r ic  acid were added and the content 
was gently mixed. The tubes were then placed in a heating block. 
The contents were digested at 320°C fo r  3-1/2 hours, when i t  
turned green and clear. The tubes were then removed from the 
heating block and cooled. In the modified method adopted la te r ,  
the n itrate -N  was converted to ammonium-N by use of s u l fu r ic  acid 
selenium mixture and sodium su lfa te .  To 50 mg of sample, 7 ml 
of d igest ion  mixture (5.8 gm H2 Se0 3  and 65 gm s a l i c y l i c  acid to 
a fu l l  bottle  of reagent H2 SO4 , about 2 . 2  l i t e r s )  and a heaping 
scoop of Na2 S0  ^ were added. A fter  ha lf  an hour, f ive  drops of 
sodium th io su lfa te  so lu t ion  was added and allowed to stand for an 
hour. Then 4 ml of 30 percent H2 O2 was rap id ly  added. When the 
v io len t  reaction had subsided, the tubes were inserted into a pre­
heated block at approximately 450°C. Glass funnels were placed
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at the mouth of the d igest ion  tube 20 minutes la te r.  The sample 
was shaken two hours la te r  to wash down any sample adhering to the 
wall of the tube. An hour la te r  when the contents turned green 
and c lear, the tubes were removed from the heating block and 
cooled. The cooled contents were d iluted  with d i s t i l l e d  water, 
the volume brought to 50 ml, and well-mixed by a magnetic s t i r r e r .
One m i l l i l i t e r  o f  the so lu t ion  was transferred into a 100 ml 
volumetric f la sk ,  2 ml of so lu t ion  B were added and t it ra ted  with 
so lu t ion  A. Ten ml each o f so lu t ion s  C and D were added and the 
co lo r  was allowed to develop in the next two to three hours before 
taking the co lor im etr ic  reading. In developing the standard, 0.2, 
0.4, 0.5, 0.8, 1.0, 1.2 ml of 2500 ppm of ( N H ^  SO4 were used.
22
RESULTS AND DISCUSSION
Ra in fa ll Condition o f Kona
The Kona region o f the is land  of Hawaii, unlike  other regions 
on the is land ,  receives i t s  heavy ra in  during the summer months.
The winter months are dry. The seasonal r a in fa l l  regimes o f  Kona 
have been divided into three categories (24, 58). These are 
b a s ic a l ly  the same except that one study was more in re la t ion  to 
coffee growth period and production.
Inve st iga t ion  o f the la s t  f ive  yea rs ' p rec ip ita t ion  at the 
Kona Experiment Station  reveals a decreasing total annual r a in fa l l .
The total annual r a in fa l l  in 1974 was 2056.38 mm. The total amount 
for  1977 was 1121.92 mm. This i s  close to an absolute minimum for 
coffee growth but the d is t r ib u t io n  had been f a i r l y  good. The f ive  
yea rs ' means and the ir  standard errors are given in Table 1 and 
summarized in Fig. 1. There are h igh ly  s ig n i f ic a n t  d ifferences 
among the r a in fa l l  means o f the la s t  f ive  years.
The large f luctuation  in annual r a in fa l l  i s  not an exception to
th is  p a rt ic u la r  period. This f luctuation  le ve ls  o f f  some when 
running means of f ive  or more years are considered (24). I t  i s  
c lea r  that the amount of p rec ip ita t ion  and i t s  d is t r ib u t io n  throughout 
the year are important factors in in fluenc ing coffee n u t r it io n .  The
a v a i l a b i l i t y  and absorption o f nitrogen depend greatly  on so i l  
moisture leve l.  Nitrogen i s  necessary for vegetative growth as well
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TABLE 1
MONTHLY DISTRIBUTION OF RAINFALL EXPRESSED AS 
MEANS OF A 5-YEAR PERIOD AND STANDARD ERRORS OF THESE MEANS
JUNE 1973 - JUNE 1978
Month Means Ra in fa ll 
m illim eters
Month Means Ra in fa ll  
mil 1 imeters
January 75.23 + 6 8 .211 July 141.53 + 52.94
February 72.74 + 56.162 August 152.50 + 64.07
March 113.59 + 60.40 September 164.03 + 129.24
April 144.83 + 35.48 October 168.05 + 89.22
May 183.69 + 53.86 November 55.52 + 46.86
June 208.03 + 96.47 December 58.22 + 34.98
1. P = 0.20 2. P = 0.10
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FIG. I. RAINFALL -  KAINALIU  (KONA EXPERIMENT STATION) INCLUDING FIVE YEAR MEAN AND 
MONTHLY TO TALS FROM JUNE 1973 TO JUNE 1978.
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as for the development of flowers and f ru i t s .
Summary o f r a in fa l l  during the experimental period i s  given 
in Fig. 2. I t  shows that the r a in fa l l  for most of the months 
during the experimental period fe l l  short of the f ive -yea r  mean.
The low moisture level of the year may have contributed to the lower 
le ve ls  of leaf-N as w il l  be seen la ter.
LEAF NITROGEN
Potted Plants
As has p rev iously  been described, the pot experiment was 
designed to give a gradient of N concentration in the coffee leaves 
with increasing le ve ls  of applied nitrogen. High doses of nitrogen 
(above 224 kg/ha) had d ra s t ic  e ffects  on the trees. The e ffect of 
high doses was severe on the deblossomed trees. Trees rece iv ing  
336 kg/ha or above suffered heavy de fo lia t ion  and death in 
deblossomed trees. Trees with f r u i t  did not have comparable damage. 
The d e fo l ia t ion  and death o f the deblossomed trees actua lly  started 
p r io r  to the removal o f the buds. I t  i s  most l i k e l y  that the effect 
of the higher leve ls  o f N was on the bark where water comes in contact 
with the bark. On a scale where severely damaged trees were given 
the lowest number (=1 ) and the best performing trees were given the 
h ighest number (=5), trees rece iv ing  112 kg N per hectare performed 
best (Table 2).
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FIG. 2 . DEVIATION OF MONTHLY R AIN FALL OF CURRENT PERIOD IN KONA (JUNE 1977 -  JUNE 1978)
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TABLE 2
VISUAL RATINGS OF COFFEE TREES AS AFFECTED 
BY VARYING LEVELS OF N FERTILIZATION
Kg N/hectare Visual ra t ing  *
0 2
1 1 2 5
224 4
336 3
448 2
560 3
*  1 = dead or severely damaged tree
2 = stunted growth or heavy de fo lia t ion
3 = poorly performing tree
4 = mild d e fo l ia t ion  but s t i l l  vigorous tree
5 = v igorous, productive looking tree
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Data fo r  total n itrogen content of leaves from plants 
rece iv ing  d if fe re n t  le ve ls  o f nitrogen f e r t i l i z e r s  in the pot i s  
given in Table 3 and summarized in F igs. 3 and 4. Except for 
p lants rece iv ing  224 kg/ha o f N, a l l  others seemed to follow 
s im i la r  patterns (F ig. 4). From Figure 3 i t  i s  seen that the mean 
leaf-N leve ls  o f f  at about 3.65 percent at applied N leve ls  of 
between 224 kg and 336 kg N/ha. Although concentrations of leaf-N 
above 5 percent were recorded during the course of the experiment, 
the average leaf-N  for a l l  treatments was 3.18 percent fo r  f ru i t in g  
trees and 3.01 percent for defru ited trees (Table 3).
One of the purposes o f deblossoming the trees was to compare 
the N-level o f the lea f  with i t s  counterpart in f r u i t in g  trees.
In Table 4 concentration o f leaf-N fo r  p lots rece iv ing  224 kg/ha 
i s  shown for  deblossomed and f ru i t in g  trees unt il  sample co llec t ion  
was terminated. V isu a l ly ,  trees rece iv ing 224 kg/ha were not the 
best performing ones (see Table 2).
The concentration of leaf-N  fo r  trees rece iv ing 336 kg/ha or 
above was not cons istent in the early  parts of f r u i t  development but 
la te r ,  as f r u i t  development continued, increasing le ve ls  o f f e r t i l i z e r  
gave increasing  concentration o f leaf-N. Height measurement of new 
growth did not show that the 224 kg N/ha p lot to have the greatest 
growth (Table 5).
The important factor to consider from th is  experiment i s  that 
the trees rece iv ing f e r t i l i z e r  app licat ion  regu la r ly  and being
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TABLE 3
THE EFFECT OF DIFFERENT RATES OF N FERTILIZER ON PERCENT OF 
LEAF-N ON POT EXPERIMENT FROM JANUARY TO JUNE (1978)
a. Blossoms removed*
Treatments 1 / 1 1 1/30 2 / 2 1 3/13 4/10 5/10 6/13 Mean
Kg N/ha Percent of Leaf -N
1. Control 1.34 1.56 2 . 0 1 1 .93 1.78 1.50 1 .38 1.64
2 . 11 2 3.16 3.33 2.77 2.70 2.95 4.21 2.24 3.05
3. 224 3.90 5.10 4.39 3.90 4.03 3.44 3.47 4.35
4. 336
5. 448 3.25 3.00 3.41
6 . 560
b. Blossoms not remo'
Treatments 1 / 1 1 1/30 2 / 2 1 3/13 4/10 5/10 6/13 Mean
Kg N/ha Percent of Leaf -N
1. Control 1.82 2.48 2.14 2 . 1 2 2.18 1.46 1.56 1.97
2 . 1 1 2 3.02 3.80 3.31 2.82 2 . 8 8 2.63 3.195 3.12
3. 224 3.78 4.48 4.02 4.29 3.53 2.05 3.10 3.61
4. 336 2.92 3.10 2.99 3.57 3.08 2.60 3.13 3.06
5. 448 3.41 3.67 3.61 3.73 3.46 3.59 3.84 3.62
6 . 560 2.70 3.66 3.96 3.73 3.83 3.94 4.08 3.70
Mean 2.94 3.53 3.34 3.38 3.16 2.71 3.15 3.18
*Trees in th is  set rece iv ing 336, 448 and 560 kg N/ha fa i le d  to 
recover from the transp lanting  shock. Later they were damaged 
by the high dose of N.
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FIG. 3. EFFECT OF INCREASING LEVELS OF NITROGEN FERTILIZER  
ON CONCENTRATION OF LEAF NITROGEN IN COFFEA 
ARABICA L. (POT EXPERIMENT).
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DATES OF SAMPLING
FIG. 4. THE CHANGE IN L E A F - N  IN COFFEE PLANTS RECEIVING
DIFFERENT LEVELS OF NITROGEN FERTILIZER AT REGULAR 
INTERVALS DURING THE FRUITING PERIOD (POT EXPERIMENT).
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TABLE 4
THE INFLUENCE OF FRUITS ON PERCENT OF LEAF-N FOR TREES RECEIVING 
224 KG N HA-1 FROM JANUARY TO JUNE 1978 (POT EXPT.)
Buds 1/01 1/30 2/21 3/13 4/10 5/10 6/13 Mean
Removed 3.90 5.10 4.39 3.90 4.03 3.44 3.47 4.35
Not removed 3.78 4.48 4.02 4.29 3.53 2.05 3.10 3.61
LSD, 5%: between bud means 0.24% N; LSD, 1% between bud means
0.36% N.
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TABLE 5
CHANGE IN HEIGHT OF COFFEE TREES INFLUENCED BY RATES OF 
NITROGEN FERTILIZATION (POT EXPERIMENT)
Treatment Change in Height in cm
Kg N/ha
0 1 1 . 0 0
11 2 38.25
224 28.00
336 34.00
448 24.00
560 2 2 . 0 0
LSD, 5%: 6.94 cm and ]%: 10.90 cm between nitrogen
f e r t i l i z e r  rates.
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watered rou t ine ly  show some uniform ity in leaf-N  concentration. 
P a r t ic u la r ly ,  the s p l i t  app licat ion  of nitrogen f e r t i l i z e r  keeps 
leaf-N  concentration constant throughout the season.
F ie ld  Experiment
Nitrogen concentration with respect to tree height from 
d if fe re n t  sampling pos it ion  was tested. A set o f leaves co llected 
from the 2 0 th branch from the top were compared with that from the 
10th branch. At another time, leaves sampled from the 3rd branch 
from the top were a lso  compared with leaves co llected from the 1 0 th 
branch. These leaves occupied the same pos it ion  on each branch.
The comparisons show that they have about the same mean of leaf-N 
(Table 6 ).
The concentration of coffee leaf-N  per sampling date in f ie ld  
trees rece iv ing d if fe re n t  rates of N or at d if fe re n t  times of 
app licat ion  i s  shown in Table 7. Leaf-N varied according to the 
amount o f p rec ip ita t ion  during the month (F ig. 5). P a r t ic u la r ly  
in the dry season, there was an overlapping of leaf-N  in trees that 
received d if fe re n t  le ve ls  o f N. On the f i r s t  two sampling dates, 
separate samples were a lso  co llected  from an abandoned f ie ld  which 
had not been f e r t i l i z e d  for  several years. This was done to survey 
the status of leaf-N  on well-managed or f e r t i l i z e d  trees versus 
neglected trees. When the means o f leaf-N inc lud ing th is  sample 
were compared, the well-managed p lots had a s ig n i f ic a n t ly  higher
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TABLE 6
THE INFLUENCE OF SAMPLING POSITIONS ON THE DISTRIBUTION OF 
NITROGEN IN LEAVES OF COFFEA ARABICA L. *
April  August
Kg N/ha Branch Branch
1 0 th 2 0 th 1 0 th 3rd
0 2.06 2.08 2.39 2.39
224 2.62 2.79 2.52 2.44
448 2.77 2.80 2.63 2.46
224 x 2 2.58 2.43 2.59 2.45
Mean 2.51 2.52 2.53 2.41
*The means are not s ig n i f ic a n t .
TABLE 7
THE EFFECT OF RATES OR TIME OF APPLICATION OF N FERTILIZER ON LEAF-N 
OF COFFEA ARABICA ON FIELD EXPERIMENT
Description 
k q  N/ha
6/8/77 6/28 7/18 8/8 8/29 9/19 10/11 10/31 11/21 12/12 1/3/78 1/30 2/21 3/13 4/10 5/10 6/13 7/10 8/10
S 1.74 1.94 1.97 1.52
0 3.16 2.17 2.95 2.56 3.07 2.73 2.82 2.16 2.40 2.35 1.91 1.86 2.07 1.96 2.06 1 .67 2.04 2.43 2.39
224
(March)
3.04 2.87 3.13 2.82 3.03 2.93 2.89 2.06 2.53 2.96 2.25 2.10 2.14 2.33 2.62 2.23 2.44 2.49 2.52
448
(March)
3.23 2.56 3.09 3.12 2.94 2.88 2.59 2.22 2.56 2.42 2.46 2.19 2.14 2.41 2.77 2.56 2.47 2.49 2.63
224 x 2 
larch, June)
3.01 2.87 3.27 3.12 2.93 2.82 2.67 2.33 2.72 2.56 2.13 2.29 2.31 2.41 2.58 2.29 2.48 2.58 2.59
Mean 3.11 2.62 3.11 2.90 2.99 2.84 2.74 2.19 2.55 2.57 2.19 2.11 2.17 2.27 2.50 2.19 2.36 2.50 2.53
F-test incl. 
S***
incl. 
S* N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. 5* 5% N.S. 5% U 5* Si N.S. N.S.
S.E.
-S
N.S.
0.058
0*
0.204 0.158 0.19 0.15 0.177 0.14 0.158 0.175 0.155 0.092 0.087 0.082 0.086 0.1 0.159 0.084 0.059
S - Sample collected from abandoned field
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leaf-N. As f r u i t  maturity and ripening were maximum in November, 
leaf-N  dropped in the experimental f ie ld  but i t  remained high 
(ca 1.88 + 0 .0 5 9 )  in the abandoned plot. Another sampling from 
th is  p lot in January showed a reduction in lea f  n itrogen. Further 
sampling from th is  p lo t was not poss ib le  because the trees were 
stumped down. A close in ve st iga t ion  o f the graph in Figure 5 shows 
that in the summer, with higher r a in f a l l ,  leaf-N  r i s e s .  I t  should 
a lso  be borne in mind that the June app licat ion  of N i s  probably one 
of the reasons for high nitrogen in the leaves.
Apart from the u n fe rt i l iz e d  p lot, leve ls  o f  nitrogen f e r t i l i z e r  
and/or the time of app licat ion  showed no s ig n i f ic a n t  d ifference in 
leaf-N  means. In the wet season, at the beginning of the experiment 
even the u n fe r t i l iz e d  p lot had about the same leaf-N  means as the 
p lots rece iv ing  d if fe re n t  le ve ls  of N. In the dry season, however, 
ana ly s is  o f leaf-N  fo r  ind iv idua l samplings showed s ig n i f ic a n t  
d ifferences between leaf-N means. From January 1978 to May 1978 
leaf-N mean fo r  the nitrogen treated p lots were s ig n i f ic a n t ly  higher 
than the u n fe rt i l iz e d  plot. During the dry season only in February 
the means of leaf-N  were not s ig n i f ic a n t ly  d if fe re n t  from the check.
The Effect o f Seasonal Varia t ion  on Leaf-N Means
In the summer months o f 1977 leaf-N  was high in nearly a l l  of 
the sampling. The average leaf-N  from June 1977 to May 1978 on the 
basis  of seasonal va r ia t ion  i s  given in Table 8 .
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TABLE 8
THE EFFECT OF SEASONAL VARIATION ON LEAF-N CONCENTRATION OF 
COFFEA ARABICA L. RECEIVING DIFFERENT RATES OF N-FERTILIZER
N Treatments
Kg ha~^ June-0ct77 Nov 77-Feb78 Mar-Ma.y 78 June-Auq 78 Mean
0 2 . 6 8 2 . 1 2 1.90 2.29 2.25
224 x 1 March 2.82 2.37 2.40 2.48 2.52
448 x 1 March 2.77 2.40 2.58 2.53 2.58
224 x 2 
&
March
June
2 . 8 6 2.40 2.45 2.55 2.56
Season Mean 2.78 2.32 2.33 2.46
LSD, 5%: between season means 0.116% at 1%; LSD among N level means
at 5%, 0.150; at 1%, 0.20% leaf-N.
40
The data are a lso  summarized in Figure 6 . I t  i s  seen that 
percent o f leaf-N  dropped gradually  to 2.1 percent in January, the 
lowest monthly mean o f a l l  recording. Then i t  g radually  rose again. 
The average percentage of leaf-N  during the summer months of 1977 
inc lud ing  October was 2.78. Except fo r  the sampling done in June 28, 
1977 sample date, a l l  leve ls  o f N f e r t i l i z e r  applied had about the 
same leaf-N during th is  period. Data from the abandoned p lot i s  
not included in th is  comparison. However, leaf-N  started to decline 
s ta r t in g  from August. The leaf-N  concentration fo r  the check p lots 
covering th is  period had about the same mean as trees rece iv ing 
d if fe re n t  leve ls  o f N. Trees on the u n fe rt i l iz e d  p lo ts  had very 
l i g h t  crops compared to the N-treated trees. Flowering on these 
u n fe rt i l iz e d  trees was a lso  la te , leading to a late crop.
In the period from November 1977 to February 1978, only in the 
month of January was there a s ig n i f ic a n t  d ifference in leaf-N  of 
the treated p lots over the u n fe rt i l iz e d  p lots. Comparison o f the 
January data with that obtained from the abandoned p lot showed a 
h igh ly  s ig n i f ic a n t  increase in concentration o f  leaf-N o f the 
treated p lo ts.  At th is  time most o f the crop had been harvested. 
Trees rece iv ing 224 kg N/ha in March had about the same mean of 
leaf-N  as trees rece iv ing 448 kg N/ha on the same date. S p l i t  
app licat ion  o f the 448 kg N gave about the same percent o f leaf-N 
as the other le ve ls  or time o f app licat ion. The concentration of 
leaf-N  seemed to have increased in April over the preceding month.
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FIG. 6 THE EFFECT OF SEASONS ON THE NITROGEN CONCENTRATION IN COFFEE 
LEAVES AS PERCENT OF D/WT.
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However, th is  increase dropped in the May and June sampling.
Upon in ve st iga t ion  i t  was found that there was a p rec ip ita t ion  of 
24.13 mm the day before the sample was co llected, on April 9. This 
amount seemed to be high enough to a ffect leaf-N  concentration when 
compared with the p rec ip ita t ion  on the days before sample co l lec t ion  
in other months. I t  i s  evident, however, that the level of leaf-N 
done with the onset o f the wet season. I t  was with the onset of the 
wet season of 1978 that the treated trees show a higher level o f  
nitrogen in the leaves over the non-treated trees.
The means of leaf-N  were compared among the three seasons 
indicated above. There i s  a h igh ly  s ig n i f ic a n t  d ifference among the 
concentration o f leaf-N  means due to the e ffec t  o f season (Table 9). 
In the summer of 1977 from June to October the average N percentage 
o f e ight samplings was 2.78. This confirms e a r l ie r  re su lt s  that 
during the wet season leaf-N i s  about 2.75 percent (11). However, 
the November through February and March through May samplings had 
about the same mean (2.32 percent and 2.33 percent re spect ive ly ).  
These re su lt s  are shown in Table 9. Tests for nitrogen f e r t i l i z e r  
level covering a l l  seasons show that i t  i s  h igh ly  s ig n i f ic a n t .  
However, th is  d ifference i s  attributed to a l l  n itrogen treatments 
compared to the contro l. The 448 kg N in s in g le  or s p l i t  app licat ion  
i s  no better than the 224 kg applied once. The sp r ing  months of 
1977 had higher r a in fa l l  (466.50 mm) and better d is t r ib u t io n  than
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TABLE 9
ANALYSIS OF VARIANCE FOR PERCENT OF LEAF OF COFFEE 
TREES RECEIVING DIFFERENT RATES OF NITROGEN FERTILIZER 
ON SEASONAL AVERAGES (JUNE 1977-MAY 1978)
SOURCE df SS MS F
Total 47 4.48
Season 
(Main P lo ts)
(ID 2.37
Block 3 0.03 0 . 0 1 <1
Season 2 2.23 1 . 1 2 61.94**
E rro r  (a) 6 0 . 1 1 0.018
N level (4) 1 . 0 0 0.33 10.33**
Control vs. N-treatment 1 0.81 0.81 25.31**
Among N-treatment 2 0.19 0.095 2.97 N.S.
S X N 6 0.37 0.062 1.92 N.S.
Error (b) 27 0 . 8 8 0.032
* *  Ind icates s ig n i f ic a n t  at P = O.Ol
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during the same period in 1978 (391.92 mm). This would favor N 
absorption and d is t r ib u t io n .
Nitrogen Concentration o f the Berries
Along with le a f  sampling, berr ies  were co llected  from the 
same branch for  nitrogen an a ly s is .  In 1977 sample co l lec t ion  was 
started in the f i r s t  week o f June, about two and a h a lf  months after 
flowering. Berry sample co l lec t ion  was continued until f r u i t  
r ipening. In 1978 berry sample co l lec t ion  was started s ix  weeks 
a fte r  flowering. Percent of berry nitrogen on dry weight bas is  for 
ind iv idua l sampling dates i s  given in Table 10 and summarized in 
Fig. 7. Nitrogen concentration in the berr ies  was higher in the
wet months but i t  g radually  decreased as f r u i t  maturity and ripening
approached. Berry samples collected from November to the end of 
harvest included f u l l y  mature or ripe cherrie s  and thus had low
percentage of n itrogen on dry weight basis.
Ana lys is  for nitrogen concentration in the berr ies  showed that 
fo r  almost a l l  the sampling dates berry-N concentration did not 
increase with increasing  level of nitrogen f e r t i l i z e r .  However, 
analyses o f the berr ies  for N from the pot experiment show that 
increasing le ve ls  of applied nitrogen had a lso  increased nitrogen 
concentration in the berr ies  (Table 11). The control p lots o f  the 
pot experiment had stunted growth. Thus crop production was almost 
n i l  making i t  d i f f i c u l t  to make comparisons.
TABLE 10
THE EFFECT OF DIFFERENT RATES OR TIME OF APPLICATION OF N ON CONCENTRATION OF N IN COFFEE BERRIES
1977 1978
Kq N/ha 6/08 6/28 7/18 0/08 8/29 9/19 10/11 10/31 11/21 12/12 1/03 5/10 6/10 7/10 8/10
S. Abandoned 
Field
2.45 1.81 1.42
0 2.48 2.29 2.58 1.90 2.56 2.08 1.91 1.78 2.11 1.75 1.78 2.13 1.96 1.96 2.10
A. 224 2.77 2.33 2.59 1.80 2.29 2.36 2.03 1.82 1.88 2.03 1.82 2.42 2.13 1.90 1.97
B. 448 2.74 2.41 2.49 2.23 2.54 2.20 2.03 1.92 1.91 1.51 2.08 2.63 2.04 1.96 2.04
C. 224 x 2 2.73 2.24 2.57 1.94 2.32 2.18 1.74 1.79 1.84 1.86 2.02 2.37 2.10 1.99 2.23
★ * N.S. U.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. * N.S. N.S. N.S.
N.S. = not significant it P = 0.05 
* = significant at P = 0.05
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EFFECT OF DIFFERENT 
TIME OF APPLICATION ON
TABLE 11
RATES OF NITROGEN 
COFFEE BERRY-N IN
FERTILIZER OR 
THE POT EXPERIMENT
N leve ls Percent Berry-N on Dry Weiqht
Kq/ha May June Mean
0 - - -
1 12 2.35 2.06 2 . 2 0
224 2 . 2 2 2.37 2.30
336 2 . 2 0 2.64 2.42
448 2.56 2.95 2.76
560 3.35 3.37 3.36
LSD, 5%: between N treatment means 0.46% N; LSD, 1%: 0.67% N.
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The Effect of Nitrogen on Cherry Y ie lds
Two years of y ie ld  data were considered here. F e r t i l i z e r  
app licat ion  was begun in March 1975. Cherry y ie ld  for  1976-77 
was recorded. Leaf and berry sample co l lec t ion  was begun in 
June 1977. Y ie ld  o f 1977-78 was a lso  recorded. Resu lts of the 
two years are given in Table 12 which i s  a lso  summarized in Fig. 8 .
As no check p lots were included in the o r ig in a l  design, y ie ld  data 
i s  only ava ilab le  for nitrogen treated p lo ts.  In ve st iga t ion  for the 
e ffect  of d if fe ren t  le ve ls  of nitrogen shows no s ig n i f ic a n t  influence 
of nitrogen f e r t i l i z e r  on coffee y ie ld  (Table 13). The coffee y ie ld  
for the two years have about the same mean, although numerically the
1976-77 season i s  h igher than the 1977-78 season y ie ld .
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TABLE 12
EFFECT OF NITROGEN FERTILIZER ON CHERRY YIELD OF COFFEA ARABICA L. 
RECEIVING DIFFERENT LEVELS OR TIME OF APPLICATION
Nitrogen level/
Time of Application
224 Kg N/ha (March)
448 Kg N/ha (March)
224-224 Kg N/ha (March & June)
Mean
Quintals/hectare*
1976/77 1977/78 Mean'
146.41 132.78 139.60
139.23 137.52 138.38
143.26 135.89 139.58
142.97 135.40
*  See Appendix for  un it  conversion. 
The means are not s ig n i f ic a n t .
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TABLE 13
THE ANALYSIS OF VARIANCE TABLE FOR COFFEE YIELDS 
(QUINTALS PER HECTARE)
Source of
Variation df
Total 23
Main P lots (Nitrogen) 11
Block 3
Nitrogen 2
MP e rror  (N x B) 6
Year 1
N x Year 2
B x Y 3
B x Y x N 6
[subplot e rror 9
SS MS F' "" "
17479.94
11006.03
5269.47 1756.49 1.84
7.47 3.74 <1
5728.77 954.80
343.68 343.68 <1
142.38 71.19 <1
2681.38 893.79 1.34
3306.47 551.08 <1
5987.85 665.32
cv = 18.53 percent
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FIG. 8. THE EFFEC T  OF N ITRO G EN  F E R T IL IZ E R  ON THE Y IELD  OF 
COFFEA A RAB ICA  L. (RED  CH ERR IES).
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Results of the analyses show that concentration of nitrogen 
both in the leaves and the berr ies  i s  h igher during the wetter 
seasons. In contrast, s o i l  n it ra te -n it rogen  tends to decrease 
during the wet season (51). N itrate  uptake by the tree from the 
so i l  i s  accelerated during the wetter season. In 1978, the 
majority o f the f ie ld  trees had anthesis on March 12. Leaf sample 
co llected on the th irteenth o f March gave leaf-N  h igher than the 
previous month. Although lea f  nitrogen remained h igher in the 
subsequent months, th is  confirms C a rva ja l, et a l ., (17) f ind ing  
that n it ra te  uptake increases during short periods p r io r  to anthesis.
I t  was reported that anthesis  occurs w ith in  e ight to ten days 
a fte r  the f i r s t  heavy shower follow ing a dry spe ll (40, 6 8 ).
Carvajal, et a l ., (17) a lso  found that n it ra te  uptake i s  reduced 
during anthesis. The day p r io r  to anthesis can be considered as the 
date of anthesis,  thus reducing leaf-N concentration. However, the 
re su lt s  do not v e r if y  th is  statement. The higher le ve ls  of leaf-N 
during the summer months o f 1977 and 1978 confirm the fact that 
there i s  an increased absorption o f n it ra te  during periods of 
vegetative growth. Leaf-N increased from 2.27 percent in  March to 
2.50 in April  1978. The concentration o f leaf-N  in March although 
h igher than the preceding month i s  s t i l l  lower than that of April 
probably because of the low absorption o f n it ra te  by the tree during 
anthesis. The higher level o f  total N (2.84 percent) observed at
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f r u i t  maturity (Table 7, September mean) when compared to periods 
of f r u i t  r ipening (2.55 percent in November) or p r io r  to flowering 
(2.17 percent in February) ind icates an increased absorption of N 
in periods of heavy demand (17).
A bearing tree facing nitrogen defic iency  passes i t s  nitrogen 
from the lower part of the tree to the developing f r u i t  and growing
shoots. When the defic iency i s  intense, the leaves abscise  and
only berr ies  are seen at the node. The translocation  of nitrogen 
from o lder leaves to younger shoots and developing f r u i t s  takes 
place when N in the form of proteins and some free amino acids 
d isso lve  and are retranslocated, a phenomena with most tree plants.
The uptake and accumulation o f N in the berries  i s  pa ra lle l  with 
the r i se  in the dry matter percentage of the berries (15). Three
d i s t in c t  periods of accumulation o f N in the be rr ies  may be due to
(a) a high i n i t i a l  accumulation of N in f r u i t  wall a fte r  which there 
appears to be a fa l l  in N content which may be due to a re d is t r ib u t ion  
of N to d if fe re n t  parts; (b) a p referentia l accumulation of N by the 
endosperm from 150 days onwards ind ica t in g  more translocation  of 
nutrients  to synthetic  s i te s  (developing seeds), and (c) a lso  
translocation  of nutrients  and carbohydrates from leaves to berr ies 
(43). In apple trees (9, 10, 62) most of the nitrogen which was 
mobilized fo r  growth in N-rich apple trees came from the roots, 
whereas in low-N trees most o f the mobilized N came from old shoot 
t is sue .  In contrast, in peaches, between 60 to 80 percent of the
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storage N in dormant, young trees was present in root t is sue  
ir re spect ive  of the previous nitrogen treatment (61).
Concentration of Nitrogen in Leaves
The total n itrogen concentration o f coffee leaves may show a 
wide va r ia t ion .  Although some o f the control p lo ts  in both the pot 
and in the f ie ld  experiments have occas iona lly  shown a concentration 
of le ss  than 1 percent,the c r i t i c a l l y  low range was between 1 - 2 
percent. In these trees the low concentration of lea f  nitrogen was 
only s l i g h t l y  affected by seasonal changes. The control p lants of 
the pot experiment (F ig. 3) and lea f  sample co llected  from the 
abandoned p lots show th is  (Table 7). Trees with leaf-N  concentration 
below 2 percent for an extended period o f time exhibited stunted 
growth, lea f  ch lo ro s is  and die-back. In the f ie ld  t r i a l ,  trees 
rece iv ing  nitrogen treatments have not shown severe defic iency 
problems but some heavy bearing trees have indicated minor die-back 
s ig n s ,  perhaps due to low N.
The increase o f total nitrogen in the leaves a fte r  the 
beginning o f the ra iny  season para lle led  the onset o f growth and 
flowering. The N concentration gradually  decreased according to 
the amount o f ava ilab le  N in the so i l  and to the s t re ss  induced 
by the maturity o f the crop. The decline in growth which i s  
u sua l ly  observed at f r u i t  r ipening or a fte r,  may be attributed  to 
the low N a v a i l a b i l i t y  in the so i l  or depletion from the tree by 
the crop and/or i t  may be due to the depletion o f starch which i s  
the most important contributing  factor in growth and f r u i t  development.
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In Hawaii, 2.0 - 3.25 percent leaf-N has been considered 
normal or adequate (20, 26). Elsewhere (43) the c r i t i c a l  level 
runs anywhere between 1.20 percent - 3.0 percent o f leaf-N. 
However, determination o f the normal range would depend on the 
techniques of le a f  sampling and an a ly s is ,  the condition of the 
tree, the time and period o f sample co l lec t ion .
In the contro lled  experiment; 224 kg N/ha gave optimum level 
o f 3.61 percent leaf-N  for f ru i t in g  trees (Table 3). As these 
trees were only a year and a h a lf  old when the N f e r t i l i z e r  
app licat ion  was begun, N le ve ls  h igher that 224 kg per hectare 
gave e r ra t ic  re su lt s .  There was an obvious overdose symptom of 
lea f  burning and d e fo l ia t ion .  The f ie ld  p lo ts  rece iv ing  224 kg 
N per hectare had an annual average leaf-N of 2.53 percent (June
1977-May 1978) (Table 8 ).
In the pot experiment, the mean leaf-N  fo r  the deblossomed 
trees rece iv ing  224 kg N per hectare was 4.35 percent as opposed 
to 3.61 percent fo r  the f r u i t in g  trees. In a study on the p a r t i ­
tion of a ss im ila te s  and production of dry matter (13, 14) i t  was 
found that a lea f  index of 2.3 and a mean so la r  rad iation  o f 402 
cal cm ^day-1  had a net dry matter production by f r u i t l e s s  trees 
during a ra iny  season to be equivalent to 1.36 x 104  kg ha-1  
annum- 1 , a conversion o f 0.4 percent of the total incoming short 
wave rad iat ion  for a 5-year old tree. The same report confirmed 
that the f r u i t s  were responsib le  for about a th ird  of th e ir  own 
dry weight gain. A fter  the i n i t i a l  rapid expansion, coffee f r u i t s  
represent 20 - 30 percent o f the total photosynthetic surface on
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bearing trees (14). Although the berries remain at pin-head 
stage for s ix -seven  weeks with l i t t l e  increment in dry weight, 
the f i r s t  26 weeks of f r u i t  development i s  considered to be a 
period of rapid f r u i t  weight increase (48). As the coffee beans 
act as an extremely powerful dry matter s ink ,  the trees provide 
dry matter fo r  the powerful seed s ink at an early  stage of f r u i t  
development leading to rapid f r u i t  expansion. Hence, the demand 
for high amounts o f nutrients at th is  time i s  unquestionable.
I t  i s  genera lly  understood that i f  a high nitrogen concen­
tra t ion  in coffee leaves i s  due to excessive absorption o f the 
ava ilab le  forms o f th is  element i t  w il l  lead to an accelerated 
vegetative growth of the trees (43). This condition i s  a lso  true 
in most other crop plants. The h ighest level o f n itrogen (448 
kg N per hectare) applied in the f i r s t  week o f  March has no 
s ig n i f ic a n t  influence on flowering date when compared to the 
224 kg N hectare. The 1978 flowering date was on March 12 where 
more than 75 percent had anthesis on th is  date.
The concentration of ava ilab le  form of nitrogen in the so il  
during the dry weather i s  low, p a r t ic u la r ly  near the so i l  surface 
(6 , 51). There might be an upward movement o f n itrate -N  from the 
sub so i l,  but the in su f f ic ie n cy  o f moisture during the dry months 
l im it s  i t s  a v a i l a b i l i t y  to the plant. Short ly  a fte r  the onset of 
the ra in s in March the coffee trees absorb th is  nitrogen or the 
nitrogen supplied as f e r t i l i z e r ,  rap id ly ,  with a sharp r i s e  in 
nitrogen content o f the leaves. I t  i s  a lso  with the onset of rain
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or sho rt ly  thereafter, that microbial a c t iv i t y  begins and operates 
at a negative balance in the n itra te  production. Hence, the March 
app licat ion  of nitrogen i s  j u s t i f ia b le  under th is  condition.
As the rate o f uptake of N i s  according to demand, the greatest 
uptake i s  when the tree i s  growing fa st.  The rate of uptake of 
n itrogen and other nutrients  i s  h igh ly  s ig n i f ic a n t  fo r  a heavily  
f r u i t in g  tree (14). Hence, i t  i s  important to keep the tree con­
t inuously  supplied with nitrogen during the long, ra iny  season.
Relation of Leaf Nitrogen to Y ie ld
In the wet season the coffee lea f  achieves i t s  f u l l  s ize  in 
6 weeks (37). When lea f  and berry sampling was started in June 
1977, the th ird  le a f  sampled, although young, had reached i t s  fu l l  
s ize .  Leaves sampled between November and February had not changed 
much in s ize  as growth was minimum during t h is  period. The dry 
matter and nutrients  are diverted to the f r u i t s ,  p a r t ic u la r ly  at 
f r u i t  maturity, leaving very l i t t l e  fo r  growth. N itrate  uptake may 
be negative a fte r  f r u i t  r ipening (17). I t  had been reported that 
leaf-N  near flowering has been well correlated with the y ie ld  of 
the same year (22). But, the lack o f response of coffee y ie ld  to the 
le ve ls  o f  N applied in th is  in ve st iga t ion  makes i t  d i f f i c u l t  to make 
that kind o f co rre la t ion . In addition, the 1977 lea f  sampling was 
started in June 1977, which does not cover the whole growth period. 
However, the observation of successive d ifferences of leaf-N  mean 
in the treated p lots versus the control in March and April confirms
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previous f ind ings  that leaf-N near flowering could be correlated 
to y ie ld  of that year (22). Leaf-N can be corre lated to next 
y e a r 's  y ie ld  only in d ire c t ly  by i t s  influence on starch leve l.
Coffee y ie ld  i s  a function o f a number of environmental 
factors  apart from genetic components. Factors a ffect ing  the 
in i t ia t io n  and growth of flower buds, flower opening and f r u i t  set 
are important to consider. F ru it  load in the previous year and 
moisture level in both previous and current seasons are some of 
the major factors in the production o f new branches and leaves that 
w il l  bear and support the current crop (22). The importance of 
moisture in re la t ion  to the u t i l i z a t io n  o f nitrogen was stressed  
in th is  study. However, other c lim atic  factors  such as l i g h t  and 
temperature a lso  play an important ro le  in the level of N nutr ient 
used in coffee.
Nitrogen concentration o f the berr ies was at a high level when 
young but th is  decreased with f r u i t  r ipening. The lack o f s e n s i t i v i t y  
in berry nitrogen concentration to N f e r t i l i z e r  shows that berr ies 
are not good specimens for determining the c r i t i c a l  level o f th is  
element. I t  w il l  be more useful in computing the nutrient removed 
from the so i l  during i t s  development i f  the f ina l (r ipe  cherry) dry 
weight can be determined.
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SUMMARY AND CONCLUSION
The th ird  or fourth lea f  pa ir  from the apex of a latera l 
primary branch appears to be the most se n s it ive  specimen in the 
determination of nitrogen concentration in coffee p lants. The 
nitrogen concentration of coffee berry i s  not influenced by the level 
of nitrogen concentration o f the s o i l .  Hence, coffee berry i s  
found to be a poor specimen in the determination of c r i t i c a l  level 
of nitrogen in coffee.
The choice of the level o f N f e r t i l i z e r  and the time of 
app licat ion  should be targeted at: (a) st im u lat ing  vegetative
growth and thus the lea f  area of the tree which in turn w il l  re su lt  
in h igher y ie ld s ,  enhancing the maturity o f a heavy crop i f  natural 
so i l  N supply i s  inadequate and (b) preventing the depletion and 
absc iss ion  o f the older leaves, which have valuable reserves of 
other nu tr ien ts,  and area of photosynthetic un it  to supply the 
increasing  dry matter needed by the developing crop.
In e a r l ie r  work, a s ig n if ic a n t  increase in coffee y ie ld  was 
found in Kona only when a high rate o f N (ca. 400 kg ha "^ ) was 
supplied in frequent app licat ion. This increase in y ie ld  was 
achieved when potassium at high rate was applied in two s p l i t  
app licat ions during the growing season. The 450 kg N ha- 1 , the 
highest rate in th is  study i s  high enough to increase y ie ld .  But, 
i f  th is  amount i s  s p l i t  into four app licat ions  during the f ru i t in g  
season, i t  might give a better response. S ta rt in g  app licat ion  in
60
mid-February and programming at equal in te rva ls  o f  app licat ion  
between February and October w il l  give a better re su lt  than a 
s in g le  app licat ion  o f a high dose in the beginning of the ra iny  
season. S ta rt in g  from late February through harvest season i s  
a period o f high demand o f nutrients in  the coffee tree. Shoot 
and root growth resume in late  February or early  March depending 
on the onset of the wet season. Anthesis occurs sometime in 
March. A fter  anthesis active  f r u i t  growth s ta r t s  in A p r i l .  The 
vegetative and f r u i t  growth continue through September to October. 
The withdrawal of n itrogen, other major nutr ien ts,  and food i s  
accelerated during th is  period. To insure enough reserve food for
next y e a r 's  crop and to minimize nitrogen and other nutrient w ith­
drawal from the leaves, the follow ing N app licat ion  times are
suggested. I f  f i r s t  app licat ion  s ta r t s  in the second h a lf  of
February, the remaining three app licat ions  can be scheduled for 
the f i r s t  week of June, mid-August and in the f i r s t  h a lf  of 
October. Two o f these app licat ions  should be accompanied by a 
recommended dose of P and K. Both should be included in the 
f i r s t  app licat ion  with N. Potassium should be at higher dose 
(ca. 400 kg K2 0/ha) since coffee pulp takes high amount of K.
I t  seems that the occasional i r r e g u la r i t y  of flowering 
in Kona i s  more l i k e l y  due to the inconsistency  of dry and wet 
periods even within a month than a N f e r t i l i z e r  effect. Moisture 
regu lation , i f  i t  can be achieved, seems to be the so lu t ion  in
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timing the crop cycle. Since moisture plays a v ita l  ro le  and 
insures increased e ff ic ien cy  o f the applied f e r t i l i z e r  i t  w i l l  be 
much better to i r r ig a te  the trees a fte r  anthesis  whenever 
necessary. However, i r r i g a t io n  from December to February should 
be avoided to allow moisture s t re s s  in the trees to induce uniform 
fl oweri ng.
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APPENDIX
The fo llow ing conversion factors were used to convert the 
U.S. un its  to the metric un its.  To convert Column A to Column B, 
m u ltip ly  by factor:
Column A M u lt ip ly  by = Column B
Acre (A) 0.405 hectare (ha)
Square foot 
( f t 2 )
0.093 square meter 
(m2 )
Foot ( f t ) 0.305 meter (m)
Foot ( f t ) 30.48 centimeter (cm)
Inch ( in ) 2.54 centimeter (cm)
Hundred weight 
(cwt)
0.454 quintal (q)
Pound ( lb ) 0.454 kilograms (kg)
Lb/A 1 . 1 2 kg/ha
Cwt/A 1 . 1 2 q/ha
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